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Studies of rare decays are an indirect probe of New Physics (NP). This
document presents recent measurements of rare decays in the charm sector
by the LHCb experiment. The analyses are performed with proton-proton
collision data at
√
s = 7 TeV recorded in 2011.
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1 Introduction
Flavour-changing neutral current (FCNC) processes are rare within the Standard
Model (SM) as they cannot occur at tree level. At loop level, they are suppressed
by the both the Glashow-Iliopoulos-Maiani (GIM) [1] and the Cabibbo-Kobayashi-
Maskawa (CKM) [2, 3] mechanisms but are nevertheless well established in processes
that involve K and B mesons. In contrast to the B meson system, where the near-
unity value of |Vub| and very high mass of the top quark in the loop weaken the
suppression, the cancellation is almost exact in D meson decays leading to lower SM
branching fractions (B). This suppression provides a unique opportunity to probe
the effects of NP on the coupling of up-type quarks in electroweak processes. NP
models may introduce additional diagrams that a priori need not be suppressed in
the same manner as the SM contributions. Enhancement in the B of such decays
would therefore be a sign of NP.
The large number of D mesons created at the LHC and LHCb’s excellent ability to
discriminate between pions and muons [4, 5] mean that the detector is in a outstanding
position to investigate rare charm decays.
2 D0 → µ+µ−
The decay D0 → µ+µ− is very rare in the SM because of additional helicity suppres-
sion. The short distance perturbative contribution to the B is of the order of 10−18
while the long distance non-perturbative contribution, dominated by the two-photon
intermediate state, is estimated to be of the order 105 higher [6].
A search for the decay is performed with 0.9 fb−1 of data [7]. By taking the D0
from D+∗ → D0pi+ decays, a two-dimensional fit is performed in m(µ+µ−) and ∆m
(≡ m(pi+µ+µ−) −m(µ+µ−)). The measured B is normalised with the decay D0 →
pi+pi−. Peaking backgrounds from the misidentified hadronic decays D0 → pi+pi− and
D0 → K−pi+ and the misidentified and partially reconstructed semileptonic decay
D0 → pi−µ+νµ are also taken into account.
The observed number of events is consistent with the background expectations
and corresponds to an upper limit of B(D0 → µ+µ−) < 6.2 (7.6)×10−9 at 90% (95%)
CL. This represents an improvement of more than a factor twenty with respect to
previous measurements [8] but remains several orders of magnitude larger than the
SM prediction.
3 D+(s) → pi+µ+µ−
The decay D+(s) → pi+µ+µ− proceeds via short and long distance contributions. The
long-distance contributions are mediated by intermediate resonances, D+(s) → pi+(V →
1
µ+µ−), where V = φ, η, ρ0 or ω, whose large B mask any deviation from the much
smaller non-resonant SM prediction, caused by NP.
A search for the decay is performed with 1.0 fb−1 of data [9]. The data is binned
in m(µ+µ−) allowing the long and short distance contributions to be separated. The
binning definitions are shown in Table 1. The contribution from the intermediate
ρ0 and ω resonances are grouped together as it is non-trivial to separate them. The
signal yields in each bin are determined with a simultaneous fit to the m(pi+µ+µ−)
distribution of the m(µ+µ−) bins and shown in Table 1. The parameters of the shapes
defining the D+(s) signals are determined simultaneously across all bins. Candidates
from the kinematically similar D+(s) → pi+pi+pi− decay form an important peaking
background. Data-driven methods are used to parameterise their contributions.
The observed data, away from resonant structures, is compatible with the background-
only hypothesis, and no enhancement is observed. Upper limits in the low and high
m(µ+µ−) bins are calculated by normalising with the φ resonances. The upper lim-
its in the low and high m(µ+µ−) bins, assuming a phase space µ+µ− distribution,
are extrapolated across the entirety of m(µ+µ−) by taking into account the rela-
tive efficiencies in each bin. Upper limits on the non-resonant signal component of
B(D+ → pi+µ+µ−) < 7.3 (8.3) × 10−8 and B(D+s → pi+µ+µ−) < 4.1 (4.8) × 10−9 at
90% (95%) CL are set. These represent an improvement of a factor 50 with respect
to the previous limits [10, 11], but B(D+ → pi+µ+µ−) is still an order of magnitude
larger than the SM prediction.
Table 1: Signal yields for the D+(s) → pi+µ+µ− fits.
Bin description m(µ+µ−) range [MeV/c2] D yield D+s yield
low-m(µ+µ−) 250− 525 − 3± 11 1± 6
η 525− 565 29± 7 22± 5
ρ0/ω 565− 850 96± 15 87± 12
φ 850− 1250 2745± 67 3855± 86
high-m(µ+µ−) 1250− 2000 16± 16 − 17± 16
4 D0 → pi+pi−µ+µ−
The non-resonant component of the decay D0 → pi+pi−µ+µ− has an expected SM
B of the order 10−9 [12]. The branching fraction for these decays is expected to
be dominated by long-distance contributions involving resonances, such as D0 →
pi+pi−(V → µ+µ−), where V can be any of the light mesons η, ρ0, ω or φ. The
corresponding branching fractions can reach O(10−6) [12].
A search for the decay is performed with 1.0 fb−1 of data [13]. The D0 →
pi+pi−µ+µ− data are split into four m(µ+µ−) bins: two bins containing the ρ/ω and φ
resonances and two signal bins. No η bin is defined due to a lack of events after the
2
analysis’s offline selection. The bin definitions are shown in Table 2. By taking the
D0 from D+∗ → D0pi+ decays, a two-dimensional fit is performed in m(µ+µ−) and
∆m (≡ m(pi+s pi+pi−µ+µ−) − m(pi+pi−µ+µ−)) in each bin. D0 → pi+pi−pi+pi− forms
an important peaking background and data-driven methods are used to parameterise
the contribution of this misidentified decay in each bin. The ∆m and m(pi+pi−µ+µ−)
fits can be seen in Fig. 1 and Fig. 2, respectively. The fitted yields are provided in
Table 2.
The observed data, away from resonant structures, in both the low and high
m(µ+µ−) bins, is compatible with the background-only hypothesis, and no enhance-
ment is observed. Upper limits in the low and high m(µ+µ−) bins are calculated by
normalising with B(D0 → pi+pi−(φ→ µ+µ−)). The normalisation B is estimated with
the results of the amplitude analysis of the D0 → K+K−pi+pi− decay performed at
CLEO [14] and the known value of B(φ → µ+µ−)/B(φ → K+K−) [15]. The upper
limits in the low and high m(µ+µ−) bins, assuming a phase space µ+µ− distribution,
are extrapolated across the entirety of m(µ+µ−) by taking into account the relative
efficiencies in each bin. An upper limit on the non-resonant signal component of
B(D0 → pi+pi−µ+µ−) < 5.5 (6.7)× 10−7 at 90% (95%) CL is set.
Table 2: Signal yields for the D0 → pi+pi−µ+µ− fits.
Bin description m(µ+µ−) range [MeV/c2] D0 → pi+pi−µ+µ− yield
low-m(µ+µ−) 250− 525 2± 2
ρ/ω 565− 950 23± 6
φ 950− 1100 63± 10
high-m(µ+µ−) > 1100 3± 2
5 Conclusion
Before the second long shutdown of the LHC in 2017, LHCb expects to record an
additional 5 fb−1 at
√
s = 13 TeV. This is in addition to the 1 and 2 fb−1 of
data at
√
s = 7 and 8 TeV, respectively, that LHCb already has on tape. Together
with anticipated improvements in LHCb’s trigger system and analysis strategies, the
higher centre-of-mass energy increases heavy flavour production cross-sections. In
comparison to the analyses detailed in this report, a factor of twenty increase in the
number of observed decays can optimistically be hoped for.
A naive
√
20 scaling, would then give the following limits: B(D0 → µ+µ−) =
1 × 10−8, an order of magnitude above the indirect bound; B(D+(s) → pi+µ+µ−) =
2×10−8, an order of magnitude above the SM expectation; and B(D0 → pi+pi−µ+µ−)
= 2 × 10−7, two orders of magnitude above the SM expectation. So although one
would not expect to observe a SM signal before the LHCb upgrade, the phase space
available to NP is set to be further probed.
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Figure 1: Distributions of ∆m for D0 → pi+pi−µ+µ− decays in the (a) low-m(µ+µ−),
(b) ρ0/ω, (c) φ, and (d) high-m(µ+µ−) bins, with the D0 invariant mass in the range
1840 − 1888 MeV/c2. The data are shown as points (black) and the fit result (dark
blue line) is overlaid. The components of the fit are also shown: the signal (black
double-dashed double-dotted line), the peaking background (green dashed line) and
the non-peaking background (red dashed-dotted line).
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Figure 2: Distributions of m(pi+pi−µ+µ−) for D0 → pi+pi−µ+µ− decays in the (a)
low-m(µ+µ−), (b) ρ0/ω, (c) φ, and (d) high-m(µ+µ−) bins, with ∆m in the range
144.4− 146.6 MeV/c2. The data are shown as points (black) and the fit result (dark
blue line) is overlaid. The components of the fit are also shown: the signal (black
double-dashed double-dotted line), the peaking background (green dashed line) and
the non-peaking background (red dashed-dotted line).
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